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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technology 
for reducing NOx in emission gas while securing 
sufficient efficiency of an internal combustion engine 
and preventing inconvenience of increase of 
hydrogen consumption. 

SOLUTION: Gasoline injection quantity and hydrogen 
injection quantity required for generating request 
torque are established in controlling a driving 
condition of an engine (step SI 20). Each of the 
injection quantity is established to be a 
predetermined ratio as a ratio of a condition that 
quantity of NOx in emission gas is sufficiently low. 
Under a low load condition, injection control of 
gasoline and hydrogen is carried out to actually inject 
the quantity established above (step SI 40). Under a high load condition, injection controls 
are carried out with controlling hydrogen injection quantity at a predetermined upper limit 
value and EGR is carried out (step SI 50). At this time, if quantity of NOx exceeds a 
predetermined value, quantity of EGR gas is increased until NOx is sufficiently reduced 
(step S160-S180). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

He is a using hydrogen gas as fuel of combustion hydrogen [ fuel / hydrocarbon ] use intemal 
combustion engine, 
Combustion chamber, 

The hydrocarbon fuel feed zone which supphes a hydrocarbon fuel to said combustion chamber, 
The hydrogen feed zone which supplies hydrogen gas to said combustion chamber, 
The supply fuel quantity control section which determines the hydrocarbon fuel amoimt of supply 
suppUed from said hydrocarbon fuel feed zone, and the hydrogen gas supply volume supplied from 
said hydrogen feed zone according to a load demand. 

The exhaust gas feed zone which supplies a part of intemal combustion engine exhaust gas to said 

combustion chamber 

Preparation, 

Said supply fuel quantity control section. 

When it is assumed that said hydrocarbon fuel amount of supply and said hydrogen gas supply 
volume are set up according to said load demand so that the rate of said hydrogen gas supply volume 
to said hydrocarbon fuel amount of supply may serve as a predetermined value When hydrogen gas 
supply volume becomes below a predetermined upper limit, it considers as the amount which should 
actually supply said hydrogen gas supply volimie and hydrocarbon fuel amount of supply which 
were set up, and when said hydrogen gas supply volume exceeds said predetermined upper limit, it 
considers as the hydrogen capacity which should actually supply said predetermined upper limit. 
Said exhaust gas feed zone supplies said exhaust gas, when said assimiption is carried out and said 
hydrogen gas supply volume exceeds said predetermined upper limit. 
Hydrogen use intemal combustion engine. 
[Claim 2] 

He is a hydrogen use intemal combustion engine according to claim 1, 

It has further the NOx sensor which detects the amount of nitrogen oxides in the exhaust gas 

discharged from said combustion chamber. 

Said exhaust gas feed zone makes said amount of exhaust gas supplied to said combustion chamber 
increase more, when the amount of nitrogen oxides which said NOx sensor detected exceeds the 
specified quantity. 

Hydrogen use intemal combustion engine. 

[Claim 3] 

He is a hydrogen use intemal combustion engine according to claim 1 or 2, 

It has further the torque fluctuation detecting element which detects fluctuation of the torque which 
said intemal combustion engine outputs, 

Said supply fuel quantity control section makes the actually supplied hydrogen capacity increase 
further, when the magnitude of the torque fluctuation which said torque fluctuation detecting element 
detected exceeds a predetermined value. 
Hydrogen use intemal combustion engine. 
[Claim 4] 

There is no claim 1 and he is the hydrogen use intemal combustion engine of a publication 3 either. 
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Said hydrogen feed zone supplies the hydrogen gas which does not contain other components 
substantially. 

Hydrogen use internal combustion engine. 
[Claim 5] 

There is no claim 1 and he is the hydrogen use internal combustion engine of a publication 4 either. 
Said hydrocarbon is a gasoline, 

Said hydrogen gas supply volume to said hydrocarbon fuel amoimt of supply comes out 

comparatively, and said a certain predetermined value is a value which corresponds to 20% or more 

by the heating-value ratio. 

Hydrogen use internal combustion engine. 

[Claim 6] 

There is no claim 1 and he is the hydrogen use intemal combustion engine of a publication 5 either. 
It has further the inhalation air content control section which controls the amount of inhalation of the 
air used for combustion so that the air of the amount beforehand defined as conditions whose 
amounts of nitrogen oxides in said exhaust gas fully decrease may be incorporated according to the 
amount of supply and hydrogen gas supply volume of said hydrocarbon fuel. 
Hydrogen use intemal combustion engine. 
[Claim 7] 

It is a using hydrogen gas as fuel of combustion hydrogen [ fuel / hydrocarbon ] use intemal 
combustion engine's operating method, 

(a) The process which determines the hydrocarbon fuel amount of supply supplied to said intemal 
combustion engine's combustion chamber, and hydrogen gas supply volume according to a load 
demand, 

(b) The process which supplies a hydrocarbon fuel to said combustion chamber according to the 
decision of the aforementioned (a) process, 

(c) The process which supplies hydrogen gas to said combustion chamber according to the decision 
of the aforementioned (a) process, 

(d) The process which supplies a part of exhaust gas discharged by this intemal combustion engine 
under predetermined conditions to said combustion chamber 

Preparation, 

The aforementioned (a) process, 

When it is assumed that said hydrocarbon fuel amount of supply and said hydrogen gas supply 
volume are set up according to said load demand so that the rate of said hydrogen gas supply volume 
to said hydrocarbon fuel amount of supply may serve as a predetermined value When hydrogen gas 
supply volume becomes below a predetermined upper limit When it determines as an amount which 
should actually supply said hydrogen gas supply volume and hydrocarbon fiiel amount of supply 
which were set up and said hydrogen gas supply volume exceeds said predetermined upper limit, the 
process determined as hydrogen capacity which should actually supply said predetermined upper 
limit is included, 

The aforementioned (d) process includes the process which supplies said exhaust gas, when said 
assumption is carried out and said hydrogen gas supply volume exceeds said predetermined upper 
limit. 

A hydrogen use intemal combustion engine's operating method. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=ht^%3A%2F%2Fwww4.ip... 9/18/2006 



JP,2004-116398,A [DETAILED DESCRIPTION] 



Page 1 of 12 



* NOTICES * 

JPO and NCIPI are not responsible for any 
daiaages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the hydrogen use internal combustion engine which uses hydrogen gas with 

a hydrocarbon fuel as a fuel of combustion, and its operating method. 

[0002] 

[Description of the Prior Art] 

Since the thin limitation in a combustion reaction can be made to expand by supplying hydrogen gas 
further in addition to a gasoline, it is known for the internal combustion engine using a gasoline as a 
fiiel that the further reduction of the nitrogen oxides (NOx) in exhaust gas will be attained. Thus, if 
hydrogen is added and lean combustion is performed, when combustion temperature falls, the energy 
loss by the thermal emission in an internal combustion engine will decrease, and the effectiveness 
that an internal combustion engine's effectiveness improves will also be acquired. Moreover, when 
performing lean combustion, in order to open a throttle valve more greatly, the energy loss at the 
time of an internal combustion engine performing inhalation of air (pumping loss) can be reduced, 
and the effectiveness of the improvement in effectiveness of an internal combustion engine is 
acquired by this. Thus, when supplying hydrogen further as a fuel in addition to a gasoline and 
aiming at reduction of NOx, it is known that extent of NOx reduction will fiiUy be securable by 
enlarging the rate of the hydrogen amount of supply above to some extent. 
[0003] 

The method of carrying out recycling (exhaust gas recirculation, EGR) of the exhaust gas discharged 
from a combustion chamber to an inspired air flow path as other approaches for reducing NOx in the 
exhaust gas discharged by the internal combustion engine is also learned. Since combustion 
temperature falls by carrying out recycling of the exhaust gas to an inspired air flow path, the amoimt 
of NOx in exhaust gas is reduced. Moreover, in case such EGR is performed, it is indicated by 
carrying out to the actuation in which an air- fuel ratio supplies hydrogen to the bottom of a certain 
condition which takes a predetermined value in addition to a gasoline, and coincidence that the 
further reduction of the amount of exhaust gas NOx may be attained (for example, patent reference 1 
reference). 
[0004] 

[Patent reference 1] 
JP, 10-306750, A 
[Patent reference 2] 
JP,59-43939,A 
[Patent reference 3] 
JP,53-70219,A 
[0005] 

[Problem(s) to be Solved by the Invention] 

However, if hydrogen tends to be supplied at a sufficient rate to the amount of supply gasolines and 
it is going to reduce the amount of NOx in exhaust gas when aiming at NOx reduction by suppljdng 
hydrogen, it will be necessary for the time when a load demand is larger to increase the hydrogen 
amount of supply. Therefore, when a limitation is in the amount of hydrogen (it can carry) which a 
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load effect can be large and can prepare, in order to secure flight range like [ in the case of using a 
gasoline engine as a source of power for a car drive ], stopping the consumption of hydrogen as 
much as possible is called for. Moreover, when NOx reduction was aimed at by EGPL, by supplying 
exhaust gas to an inspired air flow path, combustion became unstable, operabiUty got worse, or the 
output declined, and there was a possibility of causing decline in effectiveness. 
[0006] 

It aims at offering the technique for preventing un-arranging [ which it is cedled increase of hydrogen 
consumption ] while it reduces NOx in exhaust gas, fully securing [ this invention is made in order to 
solve the conventional technical problem mentioned above, and ] the effectiveness in an intemal 
combustion engine. 
[0007] 

[The means for solving a technical problem, and its operation and effectiveness] 

In order to attain the above-mentioned purpose, this invention is a hydrogen use intemal combustion 

engine which uses hydrogen gas with a hydrocarbon fuel as a fiiel of combustion. 

Combustion chamber. 

The hydrocarbon fuel feed zone which supplies a hydrocarbon fuel to said combustion chamber. 
The hydrogen feed zone which supplies hydrogen gas to said combustion chamber. 
The supply fuel quantity control section which determines the hydrocarbon fuel amount of supply 
supplied from said hydrocarbon fuel feed zone, and the hydrogen gas supply volume supplied from 
said hydrogen feed zone according to a load demand. 

The exhaust gas feed zone which suppHes a part of intemal combustion engine exhaust gas to said 

combustion chamber 

Preparation, 

Said supply fuel quantity control section, 

When it is assumed that said hydrocarbon fuel amount of supply and said hydrogen gas supply 
volume are set up according to said load demand so that the rate of said hydrogen gas supply volume 
to said hydrocarbon fuel amoimt of supply may serve as a predetermined value When hydrogen gas 
supply volume becomes below a predetermined upper limit, it considers as the amount which should 
actually supply said hydrogen gas supply volume and hydrocarbon fuel amoxmt of supply which 
were set up, and when said hydrogen gas supply volume exceeds said predetermined upper limit, it 
considers as the hydrogen capacity which should actually supply said predetermined upper limit, 
Said exhaust gas feed zone makes it a summary to supply said exhaust gas, when said £issumption is 
carried out and said hydrogen gas supply volume exceeds said predetermined upper limit. 
[0008] 

In order to supply hydrogen gas to an intemal combustion engine in addition to a hydrocarbon fuel 
so that the rate of hydrogen gas supply volume to the hydrocarbon fuel amount of supply may serve 
as a predetermined value when such a configuration, then a load demand are comparatively small, it 
becomes possible to perform lean combustion and to fully reduce the amount of NOx in exhaust gas. 
Furthermore, by performing lean combustion, the energy loss and pumping loss by thermal emission 
can be reduced, and an intemal combustion engine's effectiveness can be raised. Moreover, since 
hydrogen gas supply volume is made into a predetermined upper limit when a load demand is 
comparatively large, the consumption of hydrogen gas can be stopped. And when a load demand is 
comparatively large in this way, reduction becomes possible enough about the amount of NOx in 
exhaust gas by performing EGR further. Thus, also when performing EGR, by supplying hydrogen 
gas further in addition to a hydrocarbon fuel, it becomes possible to bum by being stabilized in the 
Lean condition, and the effectiveness of raising the above-mentioned intemal combustion engine's 
effectiveness can be acquired. 
[0009] 

In the hydrogen use intemal combustion engine of this invention. 

It has further the NOx sensor which detects the amount of nitrogen oxides in the exhaust gas 
discharged from said combustion chamber. 

Said exhaust gas feed zone is good also as making said amount of exhaust gas supplied to said 
combustion chamber increase more, when the amount of nitrogen oxides which said NOx sensor 
detected exceeds the specified quantity. 
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[0010] 

When such a configuration, then a load demand are comparatively large, reduction becomes possible 
enough about the amount of NOx in exhaust gas by making [ many / enough ] the amount of exhaust 
gas supplied to a combustion chamber. Even if it increases the amount of exhaust gas which 
performs EGR until the amoxmt of NOx in exhaust gas is fully reduced in order to supply hydrogen 
gas further to a combustion chamber at this time in addition to a hydrocarbon fuel, it becomes 
possible to maintain a good combustion condition. 
[0011] 

Moreover, it sets to the hydrogen use internal combustion engine of this invention. 

It has further the torque fluctuation detecting element which detects fluctuation of the torque which 

said internal combustion engine outputs. 

Said supply fuel quantity control section is good also as making the actually supplied hydrogen 
capacity increase further, when the magnitude of the torque fluctuation which said torque fluctuation 
detecting element detected exceeds a predetermined value. 
[0012] 

When originate inconvenient, and it runs short or an certain amount of exhaust gas supplied to a 
combustion chamber becomes [ the amount of the hydrocarbon fuel supplied to such a configuration, 
then a combustion chamber, or hydrogen gas ] superfluous, even if a combustion condition may get 
worse, such a combustion condition is improvable immediately. 
[0013] 

In the hydrogen use internal combustion engine of this invention. 

Said hydrogen feed zone is good also as supplying the hydrogen gas which does not contain other 

components substantially. 

[0014] 

Since there is no possibility that such a configuration, then other components may worsen a 
combustion condition, even if it is in a Lean condition (an air- fuel ratio is high), it becomes possible 
to make it bum convenient and it becomes possible to fiiUy acquire the effectiveness of reducing 
NOx in exhaust gas by raising an air-fuel ratio in this way. Here, for example, hydrogen 
concentration can use the hydrogen gas which does not contain other components substantially as the 
hydrogen gas which is 90% or more. 
[0015] 

In the hydrogen use internal combustion engine of this invention, 
Said hydrocarbon is a gasoline. 

Said hydrogen gas supply volume to said hydrocarbon fuel amount of supply comes out 
comparatively, and said a certain predetermined value is good also as being the value which 
corresponds to 20% or more by the heating-value ratio. 
[0016] 

When the rate of such a configuration, then the hydrogen capacity to the actually supplied 
hydrocarbon fiiel quantity supplied in fact becomes 20% or more by the heating-value ratio, it 
becomes possible to make the amount of NOx in exhaust gas into zero substantially. 
[0017] 

In the hydrogen use internal combustion engine of this invention, 

It is good also as having further the inhalation air content control section which controls the amount 
of inhalation of the air used for combustion so that the air of the amount beforehand defined as 
conditions whose amounts of nitrogen oxides in said exhaust gas fully decrease may be incorporated 
according to the amount of supply and hydrogen gas supply volume of said hydrocarbon fiiel. 
[0018] 

Thus, by controlling an inhalation air content, the effectiveness which reduces the amount of NOx in 
exhaust gas can fully be heightened. What is necessary is just to set up an inhalation air content so 
that an air-fuel ratio may become high more in the range in which the combustion reaction in a 
combustion chamber advances convenient in order to lessen the £imount of NOx in exhaust gas more. 
Thus, in case an inhalation air content is controlled, it is desirable to control so that the amount of 
NOx for example, in exhaust gas becomes in kWh and Ig /or less. 
[0019] 
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It can realize with various gestalten other than the above, for example, this invention can be realized 

with gestalten, such as an internal combustion engine's operating method. 

[0020] 

[Embodiment of the Invention] 

Next, the gestalt of operation of this invention is explained in order of the following based on an 
example. 

A. The whole equipment configuration : 

B. Actuation of operation : 

C. Effectiveness : 

D. Modification : 
[0021] 

A. Configuration of equipment : 

Drawing 1 is the explanatory view showing the outline configuration of the engine 10 equipped with 
the control device which is one example of this invention. The engine makes it the principle of 
operation to bum a fuel in a combustion chamber, to change into mechanical work the heat of 
combustion then generated, and to output as power as everyone knows. The engine 10 shown in 
drawing 1 is carried in the car as a source for a drive of a car of power, and forms a combustion 
chamber at the cylinder block 1 1 with which the cylinder-like cylinder was prepared, the cylinder 
head 20 attached to the upper part of a cylinder block 1 1, and the piston 12 attached possible 
[ sliding ] inside the cylinder. 
[0022] 

The combustion pressure sensor 42 for detecting the combustion pressure of a combustion chamber 
is formed in the cylinder block 1 1 . Moreover, the inlet valve 22 for inhaling air to a combustion 
chamber, the exhaust valve 21 for discharging exhaust gas fi-om a combustion chamber, the ignition 
plug 23, and the injector 35 for injecting a fuel are formed in the cylinder head 20. An injector 35 is 
a solenoid valve in which a closing motion drive is carried out by energization control and which 
injects a fiiel. The pressure sensor 57 is put side by side in this injector 35, and the fiiel pressurized 
by the predetermined pressure with the gasoline high pressure pumping 58 is supplied. It evaporates 
in a combustion chamber, it mixes with the air introduced through an inlet valve 22, and the fuel 
injected from the injector 35 forms gaseous mixture. Moreover, the inlet manifold 30 for leading air 
to a combustion chamber and the exhaust manifold 16 for drawing the exhaust gas discharged from 
the combustion chamber are attached in the cylinder head 20. 
[0023] 

The inlet manifold 30 is connected to the air cleaner 34 through the surge tank 3 1 and the inhalation- 
of-air path 32. A foreign matter is removed by the element prepared in the air cleaner in case the 
open air passes an air cleaner 34. The air flow meter 33 for detecting an inhalation air content is 
formed in the inhalation-of-air path 32 of the downstream of an air cleaner 34. Moreover, at the 
inhalation-of-air path 32, EGR valve 38 for introducing the exhaust gas discharged from the 
combustion chamber is formed between the air flow meter 33 and the surge tank 3 1 . Although it is 
carrying out recycling of the exhaust gas discharged from a combustion chamber to an inspired air 
flow path in EGR as mentioned already, actuation of EGR performed by this example is explained in 
detail later. Furthermore, at the inhalation-of-air path 32, the hydrogen injector 39 for injecting 
hydrogen gas is attached between EGR valve 38 and the surge tank 31. The hydrogen injector 39 is 
connected with the hydrogen tank 50 which stores hydrogen through the hydrogen pgissage 54. While 
a hydrogen pump 52 is formed in the hydrogen passage 54, the pressure sensor is formed in the 
connection of a hydrogen tank 50 and the hydrogen passage 54, and the hydrogen pressurized by 
place constant pressure with the hydrogen pxmip 52 is supplied to the hydrogen injector 39. The 
hydrogen injector 39 is a solenoid valve in which a closing motion drive is carried out by 
energization control and which injects hydrogen. It mixes with the air in the inhalation-of-air path 
32, and the hydrogen injected from the hydrogen injector 39 is supplied to a combustion chamber. 
[0024] 

In the inlet manifold 30 of the downstream of a surge tank 31, the throttle valve 36 for adjusting the 
air content which flows into a combustion chamber is formed. The closing motion drive of this 
throttle valve 36 is carried out by the throttle motor 37, and a desired inhalation air content is 
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realized in an engine 10. 
[0025] 

An exhaust manifold 16 is connected to the catalytic converter 54 while it is equipped with the NOx 
sensor 59. The nitrogen oxides (NOx) generated when the nitrogen in air reacts are contained in the 
exhaust gas discharged from an engine 10, and the NOx sensor 59 detects the amount of NOx in 
exhaust gas. The catalytic converter 54 is equipped with the catalyst for purifying the exhaust gas 
discharged from an engine 10. That is, while oxidizing the hydrocarbon (HC) and carbon monoxide 
(CO) which are an incomplete combustion component in exhaust gas, it has the three way 
component catalyst which returns Above NOx. The exhaust gas purified by work of this catalyst 
with the catalytic converter 54 is discharged in atmospheric air. 
[0026] 

Furthermore, the EGR passage 44 which is the passage which branches from here is established in 
the exhaust manifold 16. It is selectable in the operational status to which a part of exhaust gas which 
is discharged from a combustion chamber to a combustion chamber with the engine 10 of this 
example in addition to the inhalation air adopted from the outside is made to return (EGR). A part of 
exhaust gas is supplied in the inhalation-of-air path 32 from EGR valve 38 mentioned already 
through the above-mentioned EGR passage 44, and it is mixed by inhalation air. By performmg 
valve-opening control of this EGR valve 38, the capacity (the amount of EGR gas) made to retum to 
a combustion chamber is adjusted. 
[0027] 

The piston 12 is connected to the crankshaft 17 through the crank cham. If a crankshaft 17 rotates, 
rotation will be changed into a both- way rectilinear motion by work of a crank chain, and a piston 12 
will slide on the inside of a cylinder up and down by it. Moreover, the motion to which a piston 12 
moves up and down is changed into rotation of a crankshaft 17 according to a crank chain. An 
exhaust valve 21 is closed, and if a piston 12 descends where an inlet valve 22 is opened, the air and 
the fiiel in an inlet manifold 30 will flow into a combustion chamber from an inlet valve 22. 
Subsequently, an inlet valve 22 is closed, a piston 12 is raised, and if a spark is flown from an 
ignition plug 23 after compressing the inhaled gaseous mixture, the gaseous mixture compressed by 
the piston 12 will bum explosively, and will depress a piston 12 caudad. This force is changed into 
rotation and outputted by the crank chain as power from a crankshaft 17. The sensor 41 is formed at 
the tip of a crankshaft 17 whenever [ for detecting the rotation location of a crankshaft / crank 
angle]. 
[0028] 

An electronic control unit (the following, ECU) 40 controls actuation of the whole engme 10 of fiiel- 
injection control, ignition timing control or EGR control, etc., etc. This ECU40 is the logic operation 
circuit from which the bus connected mutually and which a central processing unit (the following, 
CPU), ROM and RAM, an I/O circuit, etc. consisted of by it. 
[0029] 

ECU40 detects various service conditions, such as accelerator opening which the operator operated, 
an engine rotational speed, and an inhalation air content, and such control by ECU40 is performed 
according to the various programs stored in ROM by driving the throttle motor 37, an ignition plug 
23, an injector 35, the hydrogen injector 39, etc. Accelerator opening is detected by the accelerator 
opening sensor 44 formed in the accelerator pedal. An engine speed is computed based on the 
detecting signal of a sensor 41 whenever [ crank angle / which was prepared in the crankshaft 17 
mentioned already ]. Moreover, an inhalation air content is calculated based on the detecting signal 
of the air flow meter 33 formed in the inhalation-of-air path 32. 
[0030] 

Fuel-injection control is control for maintaining at a suitable value the ratio (air-fixel ratio) of the air 
of gaseous mixture and the fiiel which are formed in a combustion chamber by injecting a suitable 
quantity of a fiiel according to the air content introduced into a combustion chamber. In addition, the 
amount of hydrogen injected from the hydrogen injector 39 as control of fiiel oil consumption with 
the amount of gasolines injected from an injector 35 is controlled by this example. 
[0031] 

Ignition timing control is control for flying a spark to suitable tuning to compensate for a nse of a 
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piston 12. EGR control is control for reducing NOx in exhaust gas by making the specified quantity 
of the exhaust gas discharged from a combustion chamber return to a combustion chamber, 
[0032] 

B. Actuation of operation : 

Drawing 2 is a flow chart showing the NOx reduction manipulation routine repeatedly performed 
during operation of the engine 10 of this example in ECU40 with a predetermined period. If this 
routine is performed, ECU40 will acquire the rotational speed and accelerator opening of an engine 
10 first (step SI 00). an engine — ten — rotational speed — and ~ an accelerator — opening — 
acquiring - if - ECU - 40 - this ~ being based - an engine ~ ten - it can set - a demand - torque 
— computing (step SI 10) ~ a gasoline injection — an amount - hydrogen - the injection quantity — 
inhalation - an air content - respectively - QG - * (cc/st) - QH - ' (cc/st) P - ' - setting up (step 
S120). 
[0033] 

Drawing 3 is drawing showing the result of having injected a gasoUne and hydrogen by various 
quantitative ratios, and having investigated the amount of NOx in the exhaust gas at that time, in the 
same engine as an example. In drawing 3 , when an inhalation air content is changed in the 
monograph affair in which the quantitative ratio of a gasoline and water was changed, respectively 
and the NOx concentration in exhaust gas becomes the lowest, measured value when an inhalation 
air coritent (air-fuel ratio) becomes the optimal is made into the amount of NOx in exhaust gas in the 
condition. Therefore, in each measurement result shown in drawing 3 , the air-fuel ratio at the time 
of measurement is not necessarily the same. The optimum value of an inhalation air content is 
explained further. If hydrogen is further supphed to an engine in addition to a gasoline, with a higher 
air-fuel ratio, it will be convenient and advance of a combustion reaction will be attained. If it is the 
range where a combustion reaction advances convenient at this time, when combustion temperature 
falls, reduction of the direction to which the air content was made to increase as much as possible 
will be attained in the amoimt of NOx in exhaust gas. However, if an air content is made 
superfluous, un-arranging, such as a flame failure, will come to arise. Therefore, with the optimirai 
value of an inhalation air content, it can regard as maximum of the inhalation air content in the range 
in which a combustion reaction advances convenient. 
[0034] 

As shown in drawing 3 , when adjusting an inhalation air content (air-fuel ratio) to an optimum 
value, the amount of NOx in exhaust gas can be substantially made into zero at the time of the value 
from which the rate of hydrogen to a gasoline corresponds to 30% or more (the percentage of the 
heating value of hydrogen to total heat is 22% or more) by the heating- value ratio. Therefore, in this 
example, in step SI 20, amount set point QG of gasoline injections' and hydrogen injection-quantity 
set point QH' are defined so that the rate of the hydrogen injection quantity to the amount of gasoline 
injections may become 30% by the heating- value ratio. 
[0035] 

In this example, the demand torque in an engine 10, and the amount of gasoline injections 
corresponding to this, the hydrogen injection quantity and an inhalation air content are beforehand 
memorized as a map in ECU40. That is, the optimum value of fuel quantity (the amount of gasoline 
injections and hydrogen injection quantity from which a heating-value ratio serves as the above- 
mentioned value) required in order to change heat energy into mechanical work with an engine 10 
and to acquire predetermined demand torque, and the inhalation air content at this time is beforehand 
memorized to demand torque. As described above, the optimum value of an inhalation air content is 
a value defined experimentally. At step 120, amount set point QG of gasoline injections', hydrogen 
injection-quantity set point QH', and inhalation air content set point P' are defined with reference to 
the above-mentioned map based on the demand torque computed at step SI 10. 
[0036] 

Next, hydrogen injection-quantity QH' set up at step SI 20 is compared with the predetermined 
reference value QO (cc/st) (step S130). It is a reference value QO here. It is the value which set up 
beforehand as a upper limit of the hydrogen injection quantity, and was made to memorize in 
ECU40. 
[0037] 
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a step — S — 130 ~ setting — hydrogen — the injection quantity — the set point — QH — ' — a 
reference value — Q — zero — tihe following — it is — ** — judging — having had — the time — **** — 
hydrogen — the injection quantity — QH (cc/st) ~ a gasoline injection — an amount — QG — and 
(cc/st) — inhalation ~ an air content — P ~ each ~ a step — S ~ 120 ~ having set up QH - ' — QG - 
- ' — and ~ P — * — determining . Moreover, the opening (EGR opening) of EGR valve 38 is 
determined as zero, and the amount of EGR gas is determined as zero. And to the hydrogen injector 
39, an injector 35, the throttle motor 37, and EGR valve 38, a driving signal is outputted so that the 
injection quantity and capacity may serve as the above-mentioned value (above, step SI 40). In 
addition, corresponding to the rotational speed in an engine 10, the throttle opening for considering 
as a predetermined inhalation air content is set up experimentally beforehand, and is memorized as a 
map in ECU40. Therefore, based on the inhalation air content P determined as the engine speed 
detected at step SI 00 at step SI 20, by referring to the above-mentioned map, throttle opening is 
determined and the throttle motor 37 is driven at step S140. 
[0038] 

In step SI 40, if a driving signal is outputted as mentioned above, it will shift to step SI 80 and torque 

will be detected. This processing not more than step SI 80 is explained later. 

[0039] 

It sets to step SI 30 and hydrogen injection-quantity set point Q* is the predetermined reference value 
QO. If it is judged that it is large, it is the hydrogen injection quantity QH. The above-mentioned 
reference value QO It is determined. Moreover, the amount QG of gasoline injections It is decided 
that it will be a bigger value than amount set point QG of gasoline injections* set up at step SI 20 
(QG =QG+alpha). In order to acquire the demand torque which increased and computed alpha to 
amount set point QG of gasoline injections' which is a part at step SI 10 here, it is for amending the 
amount of gasoline injections. Namely, hydrogen injection quantity QH QO [ smaller than hydrogen 
injection-quantity set point QH' ] Reduction of the output energy by having stopped is increased for 
compensating by the increment in the amount of gasoline injections, and it is a part. Moreover, the 
inhalation air content P is determined as P* set up at step SI 20. Furthermore, the opening of EGR 
valve 38 is determined to B% which is the predetermined opening defined beforehand. And to the 
hydrogen injector 39, an injector 35, the throttle motor 37, and EGR valve 38, a driving signal is 
outputted so that the injection quantity and capacity may serve as the above-mentioned value (above, 
step SI 50). In addition, control of an inhalation air content is performed by determining throttle 
opening with reference to a predetermined map based on the inhalation air content P determined as 
the detected engine speed like step SI 40. 
[0040] 

In addition, although [ the above-mentioned explanation ] either step SI 40 or the step SI 50 is 
performed after step SI 20 and step SI 30, these processes are not necessarily performed separately in 
fact, respectively. It is the upper limit of the hydrogen injection quantity fi-om the begirming as a map 
for defining the hydrogen injection quantity with an engine 10, based on demand torque so that these 
decision may be performed to coincidence QO The map pressed down and set up is prepared. That is, 
when the rate of the hydrogen injection quantity to the amount of gasoline injections is made 30% by 
the heating- value ratio, hydrogen injection-quantity QH' is a reference value QO. When exceeding, as 
hydrogen injection quantity, it is QO. The map on which the amount which compensates the 
hydrogen injection quantity as an amount of gasoline injections, and becomes realizable [ demand 
torque ] is memorized, respectively is prepared. And it is the hydrogen injection quantity QH in this 
way. Reference value QO To the demand torque set up, it is the hydrogen injection quantity QH at 
that time also about the inhalation air content P. The amount QG of gasoline injections The amoimt 
to which it responded is memorized. Furthermore, the thing in case EGR opening is B % is 
memorized as a map for setting up throttle opening based on an engine speed, and it is the hydrogen 
injection quantity QH. Reference value QO When set up, throttle opening is set up with reference to 
this map. 
[0041] 

Next, a detecting signal is acquired from the NOx sensor 59 (step SI 60), and it compares with the 
amount of NOx in the detected exhaust gas, and the predetermined reference value C (ppm) (step 
SI 70). Here, the predetermined reference value C is a upper limit permissible as an amoxmt of NOx 
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in exhaust gas, and it sets up beforehand and memorizes to ECU40. 
[0042] 

In step SI 70, if the amount of NOx in exhaust gas is judged to be below the predeteraiined reference 
value C, it will shift to step SI 80 and torque will be detected. This processing not more than step 
SI 80 is explained later. 
[0043] 

In step SI 70, if the amount of NOx in exhaust gas is judged to be larger than the predetermined 
reference value C, it will determine anew as opening which added F % of augend to B % of opening 
which determined EGR opening at step SI 50 (step SI 80). Here, F % of augend is the value set up 
beforehand as the minimimi augend of the EGR opening at the time of making the amount of EGR 
gas increase. Thus, if EGR opening is determined anew and EGR valve 38 is driven, it will retum to 
step SI 60 after that, and processing not more than step SI 60 will be repeated. Thus, if the amount of 
EGR gas made to return to a combustion chamber is increased, the NOx concentration in exhaust gas 
vnll fall because combustion temperature falls. Therefore, the control which enlarges EGR opening 
by a unit of F% is repeated here until the amoimt of NOx in exhaust gas becomes below the above- 
mentioned reference value C. In addition, since an air-fiiel ratio changes by making EGR opening 
increase in step SI 80, the configuration which amends an inhalation air content is also possible. 
Moreover, since the correspondence relation between an engine speed, an inhalation air content, and 
throttle opening also changes by making EGR opening increase, it is also possible to perform 
amendment to this. However, the very small value is set up, and since the F % of the above- 
mentioned augend has little effect to an inhalation air content, it supposes that amendment of an 
inhalation air content (throttle opening) is not performed in this example. 
[0044] 

After it is judged that the amoxmt of NOx is below the reference value C after step SI 40 or in step 
SI 70, the output torque in an engine 10 is detected and the magnitude of torque fluctuation is 
compared with a reference value D (Nm) (step SI 90). Torque fluctuation will become large if 
trouble is in the combustion condition in an engine 10. A reference value D is beforehand set up as a 
reference value forjudging that the combustion condition in an engine 10 is advancing convenient, 
and is memorized to ECU40. 
[0045] 

Here, detection of the output torque in an engine 10 is explained. With the engine 10, torque is 
detected by measuring an engine rotational speed. Drawing 4 is used for below and the principle of 
torque detection is briefly explained to it. Drawing 4 is the explanatory view having shown signs that 
an engine rotational speed and an engine output torque changed in the so-called 4-cylinder engine 
equipped with four combustion chambers. An engine rotational speed is changed with whenever 
[ crank angle ] in fact, even when the engine is operated by the steady state. While that such 
fluctuation arises differs in a phase little by little in each combustion chamber, an inhalation-of-air 
line depends a compression stroke and an expansion line on being carried out [ like an exhaust air 
line ]. Drawing 4 (A) shows signs that an engine speed is changed to whenever [ crank angle ]. 
Drawing 4 (B) shows signs that an output torque is changed to whenever [ crank angle ]. Moreover, 
four processes about a No. 1 gas column and the pressure of the combustion chamber about each gas 
column are shovm in drawing 4 (C). In each gas colimm, it will be in the condition that only the 
beginning like an expansion line outputs energy, and others will be in the condition of consuming 
energy. Therefore, in connection witii one of gas columns entering like an expansion line, the output 
torque of an engine 10 increases and an engine speed goes up by this. Therefore, an output torque is 
computable based on the rate of change of an engine speed. When a combustion reaction advances 
convenient, an engine speed and an output torque are settled into the predetermined range of 
fluctuation, and are changed. However, when fault arises in the combustion condition, an output 
torque comes to show the unusual fluctuation exceeding the above-mentioned predetermined range 
of fluctuation by not outputting desired energy in the gas colimm which abnormalities produced. 
When the difference in the engine speed measured by two corresponding to whenever 
[ predetermined crank angle ] is searched for in fact and this difference becomes beyond a 
predetermined value, it can be judged that the magnitude of torque fluctuation became beyond the 
predetermined reference value. In addition, the output torque of an engine 10 is good also as 
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detecting based on an engine speed, and also detecting based on the detecting signal of the 
combustion pressure sensor 42, or preparing a torque sensor, and carrying out direct detection. 
[0046] 

In step SI 90, when the magnitude of torque fluctuation is judged to be below the reference value D, 
this routine is ended. Moreover, in step SI 90, when the magnitude of torque fluctuation is judged to 
exceed a reference value D, the value which added Augend G (cc/st) to the hydrogen injection 
quantity determined at the previous process is newly determined as hydrogen injection quantity (step 
S200). That is, when this step S200 is the process after it is decided in step S140 that it will be 
hydrogen injection-quantity QH =QH', it is redecided anew that it will be hydrogen injection- 
quantity QH =QH*+G. Moreover, this step S200 sets to step SI 50, and is hydrogen injection-quantity 
QH =Q0. In being the process after determining, it redecides anew that it will be hydrogen injection- 
quantity QH =Q0+G. Here, Augend G is the value set up beforehand as the minimum augend at the 
time of making the hydrogen injection quantity increase. Since it is thought that un-arranging has 
arisen in the combustion condition as mentioned already, that torque fluctuation is large is aiming at 
the improvement of a combustion condition by increasing the quantity of the hydrogen injection 
quantity in this example. 
[0047] 

It sets to step S200 and is the hydrogen injection quantity QH. If it increases, next, it will retum to 
step SI 60, and processing not more than step SI 60 will be performed. Although it is thought that 
fiiel quantity is secured by making the hydrogen injection quantity increase, and a combustion 
condition improves, since a combustion chamber will be in a more rich condition, it has a possibility 
that the NOx concentration in exhaust gas may rise. Therefore, after making the hydrogen injection 
quantity increase in step S200, the amount of NOx in exhaust gas is detected, and it checks whether 
the amoimt of NOx in exhaust gas is tolerance. When the amoimt of NOx in exhaust gas exceeds a 
permissible dose, reduction of the amoimt of NOx in exhaust gas is aimed at by making the quantity 
of the amoimt of EGR gas made to retum increase. Thus, when the fault of the magnitude of torque 
fluctuation improves by the increment in the hydrogen injection quantity and there is an increment in 
the amount of NOx by this, the amoimt of NOx is improved by the increment in the amount of EGR 
gas. This routine will be ended if the magnitude of torque fluctuation finally becomes below the 
reference value D in step SI 90. 
[0048] 

C. Effectiveness : 

According to the engine 10 of this example constituted as mentioned above, the improvement in 
effectiveness and the NOx reduction in exhaust gas are realizable, stopping the consumption of 
hydrogen. That is, since hydrogen is used as a ftiel in addition to a gasoline, it can bum in the Lean 
condition and NOx in exhaust gas can be reduced. Moreover, as mentioned already, the energy loss 
and pumping loss by thermal emission can be suppressed, and an internal combustion engine's 
effectiveness can be raised. When it is in a low loading condition (demand torque below a 
predetermined value) at this time, the amount of NOx in exhaust gas can be extremely lessened by 
using the amoimt of gasoline injections, and the hydrogen injection quantity by the predetermined 
quantitative ratio. Moreover, in a heavy load condition (demand torque exceeds a predetermined 
value), since the amount of supply of hydrogen is made into a predetermined upper limit, the 
consumption of hydrogen can be stopped. And the amount of NOx in exhaust gas can be lessened 
enough by performing EGR further. Therefore, stopping the consumption of hydrogen as a whole, 
even if it is the case where a load is changed sharply, it can maintain at a condition with enough few 
amounts of NOx in exhaust gas, and the condition that an internal combustion engine*s effectiveness 
is high enough can be maintained. 
[0049] 

D. Modification : 

In addition, this invention can be carried out in various modes in the range which is not restricted to 
the above-mentioned example and does not deviate fi-om that summary, for example, the following 
deformation is also possible for it. 
[0050] 

Dl. modification 1 : 
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A different rate may be set up, although the rate of the hydrogen injection quantity to the amount of 
gasoline injections was made into the value which corresponds to 30% by the heating-value ratio in 
the above-mentioned example in order to make the amoxmt of NOx in exhaust gas into zero almost 
certainly. For example, a lower value may be set up so that it may become the value which 
corresponds to 20% or 25% by the above-mentioned heating- value ratio. When actual especially a 
load (demand torque in an engine) is small, even if it makes the rate of the hydrogen injection 
quantity lower, it becomes possible to usually fully bring the amoimt of NOx in exhaust gas close to 
zero. 
[0051] 

D2. modification 2 : 

Although loaded condition is divided into two steps of a low loading condition and a heavy load 
condition in the above-mentioned example in case control which reduces the amount of NOx in 
exhaust gas is performed, it is good also as dividing loaded condition into much more phases. For 
example, you may control by dividing loaded condition into the three-stage of a low loading 
condition, inside loaded condition, and a heavy load condition. That is, the injection quantity is 
defined in a low loading condition, and reduction of the amount of NOx is aimed at at it so that an 
output of desired torque may be possible and the rate of the hydrogen injection quantity to the 
amount of gasoline injections may serve as a predetermined value (for example, 30%) like the low 
loading condition of an example. And at the time of inside loaded condition, the hydrogen injection 
quantity is held down to the 1st upper limit, the amount of gasoline injections is determined, and 
EGR is performed so that the amount of NOx may fiiUy be reduced. In a heavy load condition, the 
hydrogen injection quantity is held down to the 2nd bigger upper limit than the 1st upper limit of the 
above, the amount of gasoline injections is determined, and EGR is performed so that the amount of 
NOx may fully be reduced. Two or more steps of upper limits of such a configuration, then the 
hydrogen injection quantity can be prepared, and the effectiveness of stopping the consumption of 
hydrogen can be further heightened by performing EGR efficiently. What is necessary is just to set 
up the upper limit of the hydrogen injection quantity in a heavy load condition convenient as an 
amount which can advance a combustion reaction at the time of the maximum load, even if it 
increases the amount of EGR gas until the amoimt of NOx fully decreases. Therefore, it becomes 
possible to reduce hydrogen consumption as a whole by using the 1st upper limit which is a value 
smaller than such a upper limit defined according to the maximimi load at the time of inside loaded 
condition. 
[0052] 

D3. modification 3 : 

After making the hydrogen injection quantity increase at step S200, although [ an example ] the 
amount of NOx in exhaust gas is detected and EGR opening is adjusted if needed, the configuration 
which does not perform detection of the amount of NOx is also possible for after step S200. The 
amount of hydrogen additions required in order that this may suppress torque fluctuation is usually 
based on things very only, so that it does not influence A/F (ratio of an air content and fuel quantity). 
Thus, the hydrogen augend G is set as the very small value which does not influence A/F, it is 
possible to improve a combustion condition and NOx augend in the exhaust gas at this time can be 
considered as the disregarded configuration. In this case, what is necessary is just to suppose that it 
retums to step S 190 and the magnitude of torque fluctuation is checked again after making the 
hydrogen injection quantity increase at step S200. 
[0053] 

D4. modification 4 : 

Although [ an example ] a three way component catalyst is arranged in an exhaust side, it is good 
also as replacing with a three way component catalyst and using an oxidation catalyst. Since it was 
necessary to cut down the amoimt of EGR gas in order to secure combustion to reduce NOx by EGR 
conventionally, it was difficult to reduce the amount of NOx even on sufficient level. Therefore, 
NOx was usually further reduced with the latter three way component catalyst. When securing 
combustion by hydrogenation based on this invention, it is possible to use the EGR gas of an amount 
enough so that reduction may become possible enough about NOx. Therefore, NOx can fully be 
reduced, without being based on a latter-part catalyst. In addition, although HC contains in exhaust 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 



9/18/2006 



JP,2004-1 16398,A [DETAILED DESCRIPTION] 



Page 11 of 12 



gas also in this case, since what is necessary is just to use not a three way component catalyst but an 
oxidation catalyst, it is easily applicable to the internal combustion engine which performs lean 
combustion as mentioned above. 
[0054] 

D5. modification 5 : 

Various deformation is possible, although [ an example ] a gasoline is injected to a combustion 
chamber (direct injection) and hydrogen is injected in the inhalation-of-air path 32 (port injection). It 
is also possible to choose any of direct injection and port injection about each of the injection 
location of a gasoline and the injection location of hydrogen. 
[0055] 

Moreover, although the supply location of EGR gas was made into the upstream rather than the 
surge tank 31 and the mixed state of EGR gas and air is secured in the example, it is good also as 
supplying EGR gas from a different location. Supplying EGR gas from the downstream more, then 
the gas temperature introduced into a combustion chamber can be raised more, and improvement in 
fuel consumption can be aimed at. 
[0056] 

D6. modification 6 : 

In order to supply hydrogen to a combustion chamber, although [ an example ] it has a hydrogen 
tank 50, it is good also as supplying the hydrogen which reformed and generated the gasoline to a 
combustion chamber. However, hydrogen concentration is about 21% and reformed gas usually 
contains CO and nitrogen fiirther. If CO is used as a fuel of combustion, it will lead to decline in 
combustion efficiency. Moreover, it becomes the same as putting hydrogen and EGR into 
coincidence to supply the reformed gas containing nitrogen (inert gas) to a combustion chamber. 
Therefore, when a load is comparatively small, in order to more fully acquire the effectiveness of 
raising effectiveness by adding hydrogen, when using reformed gas, it is desirable to perform the 
process which removes CO or raises hydrogen purity, before supplying an internal combustion 
engine. 

[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the outline configuration of the engine 10 equipped 

with the control device which is one example of this invention. 

[Drawing 2] It is a flow chart showing an NOx reduction manipulation routine. 

[Drawing 3] It is drawing showing the result of having injected a gasoline and hydrogen by various 

quantitative ratios, and having investigated the amount of NOx in the exhaust gas at that time. 

[Drawing 4] In a 4-cylinder engine, it is the explanatory view having shown signs that an engine 

rotational speed and an engine output torque changed. 

[Description of Notations] 
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Inlet manifold 
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Throttle motor 
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EGR valve 
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39 — Hydrogen injector 

40 - ECU 

41 — It is a sensor whenever [ crank angle ]. 

42 — Combustion pressure sensor 
44 — EGR passage 

44 — Accelerator opening sensor 
50 — Hydrogen tank 
52 — Hydrogen pump 
54 — Catalytic converter 
54 — Hydrogen passage 

57 ~ Pressure sensor 

58 — Gasoline high pressure pumping 

59 — NOx sensor 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the outline configuration of the engine 10 equipped 

with the control device which is one example of this invention. 

[Drawing 2] It is a flow chart showing an NOx reduction manipulation routine. 

[Dravsdng 3] It is drawing showing the result of having injected a gasoline and hydrogen by various 

quantitative ratios, and having investigated the amoxmt of NOx in the exhaust gas at that time. 

[Drawing 4] In a 4-cylinder engine, it is the explanatory view having shown signs that an engine 

rotational speed and an engine output torque changed. 

[Description of Notations] 

10 — Engine 

1 1 — Cylinder block 

12 - Piston 

16 ~ Exhaust manifold 
17- Crankshaft: 

20 - Cylinder head 

21 — Exhaust valve 

22 ~ Inlet valve 

23 — Ignition plug 

30 ~ Inlet manifold 

31 - Surge tank 

32 - Inhalation-of-air path 

33 — Air flow meter 

34 ~ Air cleaner 

35 ~ Injector 

36 - Throttle valve 

37 -- Throttle motor 

38 -- EGR valve 

39 - Hydrogen injector 

40 - ECU 

41 — It is a sensor whenever [ crank angle ]. 

42 ~ Combustion pressure sensor 
44 ~ EGR passage 

44 ~ Accelerator opening sensor 
50 — Hydrogen tank 
52 — Hydrogen pump 
54 — Catalytic converter 
54 ~ Hydrogen passage 

57 — Pressure sensor 

58 — Gasoline high pressure pumping 

59 — NOx sensor 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
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DRAWINGS 
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[0 0 0 5] 

^ i^'^m c: t i o xmm-h^^'i^^ iii^':> x^m^^tm^t u/c . 

[0 0 0 6] 

2|s:^^{±. ±.^\^fz'^^<Dm.m^m^'ri>fzib\,zrj:-^ixfzi,(Dx:i^^ ^ p^mmm\.zi^^f ^ 
7t 15^ ^ m±-t i>fzib (Di^m ^ 4i#i- ^cit^aeti^-r^o 

[0 0 0 7] 

[mS=&^^-r'5>/ci60#^i5J:0'~-e<^'f^ffl • ^:l^] 

mm^'it:^mmnm^mzM-t^mM^7ic.m:^'^m^m<om'^7!}^RfTM<Dmt^;bx ^ izmtz 

fzm^iz^ 7icm:^':^m^m^m^<7)±mmiiiTt^j:^t ^ Kitmtzn^i^yz^m:^^'^^^ 
Misxzr^^t:i<.mmm-m^^*^mmizm^^-r^^Mt Bfrfe7K*;^'^«i&«^^ftrfep>^3e 
<D±mm^±^^ t § iziimupJr^<^±mminmiZ'm^ir^ByKm:^'^&t l. 
tuiBSfj^T-x-e^itasfi^ ttfiE^^t- \^fzm^izmm7Km:^'^mf^m:^mum^<7:>±mm.^± 

[0 0 0 8 1 

i O J: 9 ^J:mm. t-ti^ii. nmW^Tb^itmm^^ ^ i: t ^-ffczK^M^N-^IR*: izn-t 

:hyi^m:^:^mmM:<7>m^-^m^<om t^j:^xoiz. R^tyKmmmzmx.x^m^''^ ^ p^m 
m m m^^ ^fzib. ^mmm ^^=f^j:-:>xm-ff^^<oi^o ^m^k \.z\^m-r ^ ^ t 
fgt^^o $^t;> #B:^M^^T'^d - t-e. mwi^^zx:b:i-^)v^m^^^yym^^ 

#^0 -eUT, ^<75J; d tc:ftW^^;6^Jt^«j::^§v><h § tz{±. E G R =^ $ ^ tc^r^ 9 ^ t 

m.itT^mmmz-bw^x'^i^ K:^m:^^ ^mt^^-t^ ^tizx*)^ j: io u ~>^j:Vzmx^^ l 

o o 

[0 0 0 9] 

:$^^m<D?i<.mmm[^mmm\>z}3\.^x. 

s 
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[0 0 10] 

[0011] 
[0012] 

J: d ^msKt-rtLf^. mmmizm^^tL;b!^it:^m'mm-'^:d<-m^''^<^m:^^. ^hi)-(r> 
y^m^izmm lt^js. ufc "9 . mmm.izm^-t ;Bm:^:^my!)mm]iz7^j: ^ ^ t^zx^ xmm 

[0013] 
[0 0 14] 

[0 0 15] 

^mM<D^mmim^mwtmiz^\.^x^ 

ttX2 o%Sik±izmm-r^mx^:i>:iiit\^X'ii§,\^^^ 
[0 0 16] 

J; 9 't^^ti-ti-ff. mmizm^^-r^R^tyKmmm-MKn-r^mmi^zm^-i-^Tkm:^^ 
^ t jeiwig t >sr ^ o 

[0 0 17] 

:$:^B^<7)7fc^f ijffl is T . 

[0018] 

CO J: d i>zqsi.x^Mm^mm-t ^ z tx. m:»'^^(oii o xM'^wm-r^mw^t:^^izM 
'^^■xmj:<mn-r^mMxx ^^miti)^-m<-^^^ii^^zm.x^^m.^WL^-rfn-s:x.\.^o ^ 

(Diio\>z^X^^^^f5m-r^m\zit^ m^\i:. ^^;<fJ^t^3<oNO xi*«l g/kWhJ^JLT 
[0019] 

[0 0 2 0] 
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A. mm:<D^mn^ : 

B . M^<Dm'f- : 
c . : 

D. mmm : 

[0 0 2 1 ] 

A. ^m<Dm^ : 

-c^^o m^<oxdizs[^>'z^>it. m^^[^-vm^i:m^^^. ^(Dt^iz^^-r^mm lo 

> K 2 0 t . -> >; qrtgtwa«^#tt t> tt/c li';^ h > l 2 t T^^iSSIS 

[0 0 2 2] 

ib-tL-CV^JSo S^c> ^^^^y K2 0 icfi, MM^I*ItC^^S:PRA-r'S.^c:a60?8il^^2 

m.Mir;bfztb<D^>z^^^iS^ 3 5 7b^mifi^tLX\^^^^ -f > ^ ^ 3 5 t±. MMmmz J: 20 
5 7 Ta^-gf^lS? ^^Ti3 «9 ^ V >; :< 37° 5 8 -rF>'f^<^ffi:tJ tcioffi $ tL/-M^^:*^mj?&$ 

iz^^^m<fzi(><^m.M'^-^~ji-h'3 ot. mmm.7i-i^mm-^tLfzmM:^^t:m<fzi^ 

(Om^-^^^ — J^Vl 6 t7b^t)iti1ribtLX\y^^^ 
[0 0 2 3] 

— ;i' F3 0 {±. -9---:^'^ ^rJ' 3 1 Bl^ill^ 3 2 ii ^^^LTJ^T^ 'J 3 
4 lc^^^tL-rv^;&o ^m.ii^T ^ V ~-r 3 4 ^Mm-r:hm\>z^ J^T^';-:^^c:l£^t'^t^. 
fcJ:-!/^ > h t- <£ o-C#!i7;?)^I^*$tl.;Bo -i-T^ >; 3 4 <^T"^11iJ<75gS^ajl&3 2 30 
. iKA^^S*^ai-r'&7ti6<7>J^T:7n^-^ 3 3>65|Stt^ti.XV-<z>o 3 
2i'i3V^-C. j:.T7n^-^ 3 3 fc-f— v^^VrJ' 3 1 i:<^Htc{i, ^^M:*^^©fttl ^ tt/; 

$tv^EGR<^iiJ'f^t:i-^»/^-r{±mtci^L<m^i-'5>o $ ^ n^^ilS& 3 2 izisv^T. E 
G R/N*;^-:7'3 8 f^r-i^^^^ 3 1 <7?ISICI4. 7K^:«r;:?. ^ifttt-T -S, fci6<^7K^^ Z^-Ja^^ 
^ 3 9 ^^J^»?fJ-^t'^tL-rv^;i>o 7fc^-r >'J^i^ ^ 3 9t4. Tfc^wiEJ^S 4 ^^LX^ 
Sfi^i-^Tlc^^' 5 0 t^m\^x\^^:ho 7K#»it^5 4 tc{47K^^°> ^° 5 2 Ti^fg^t'^ tt^ 
^^^^^ yi<.mi^>^ 5 0 t:^m^^5 4 t(7:>m^^iiZit}±.:fj't>'^Tb^mfhixx^iO. 

m^>-:^5 2Kx^xm^Kizmj±.^tifz^mTb^. ^ 3 9\zm^^ix^o 40 

[0 0 2 4 1 

H^_c?^^^3 1 <7)TMJ6O0^^-^ — K3 0l*Jtcl±. mM'^^z'm.X-^ ^^^M'km 
^■t:bfz^<D:^uy Y )V^<:)vy'3 6i)^W^fhrLX\^^:ho c7>;^ a h 3 6 {i> 

ay ^;^^-:5^3 7 J: o tt, a^^'v^/l 0 tcj3V^Tf;fM<^SlA^^»7&^'^ 

[0 0 2 5] 

— I ^^t^ NOx-t:>-9-5 9 ^r-etx-^^^tc. ^iiftrr>/N'-:J^ 5 4tC^^5c 50 
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^X^f^-^tL^mmmt!^ (NOx) i!)^^tth^ NO X 5 9 fi. O x 

iex^gi^^-ftx-Tv^^o -r^rt.-t,. m:^'^^<Dyf^^m^m^x-^^m<t7i<.m (ho 

iO^-m^ft^^m (CO) t:m<t-t^t^iz^ JiIfiNOx ^iSTC-^-S^TcMM^^ixTv^-S 
[0 0 2 6] 

^tcsnx.T. ^^^^75^'bs^ai$tL;?,gf:^f>!.co— gp^^ctL (EGR) ^^^mm-^m^. m 

)Uy3 8:i^(^m.^m^3 2i^izm^^ti^ ^^X^^izU^-^ tii> o ^ O E G R^-?;vr 3 8 
<^§g^^«9^^f>^d c: t-e, mMm.izwm-^^^:ff:^m: (EGR:^f;^a) *l^tj5L-cv^-2, 

o 

[0 0 2 7] 

\d:^h> 1 2 {4. :^ 9 >^^m^^LX:J^ ^ ^'i^'i^-^^ b 1 7 tLT v^^o ^ 7 ^ 

h 1 7 7!>mm-ri> ^ V > ^ *i>tg<7)^ § J: o T iii^^ift76«^mii:^ai&icgs 

2 15:^1::. 2^m^^fz:ikm-C}^:^hZ^ 1 2:6«TI^-r-2> ^^"^r^.i^-;!. K 3 

-rt. e h > 1 2 i,zx^x!±m^tLfzm^^:^m^6^i>zm'm\^-t:. i 2 ^t^j 

[0 0 2 8] 

m.^mmi^^^y h cmr. ecu) 4 0{±. mm-mMmn^^. .^.'xmmmm. $>^\^^itE 
GRmm^j:t'(D^ j^z^-y> 1 0(O'^w^Wj<'^'tmm-t^o ^oEcu4ot4^ ^^mmm so 
s (jiiT. CPU) . ROM. RAM. xtntimm^j: t'7i^y^:^K X ^xmmzmm-^tLx 

[0 0 2 91 

ECU40irj:^CidL /^Mf^ f±. iS^^c^^-f'^ L T -t ;k§g;^^. > M^M 
m.X^^m:^}::'<D^mMm^i^^KCU 4 OTbmiUL. ROMtc^&^$tL-rv^^#a 
■T'n^^AtCts&o-C. ;:^a .y h;^^-^?' 3 7. ^.•X-:f=7^2 3 . ^v^o^^ ^ 3 5. Hm 

)vi,zmf'^ti'fzTi^-t}umm-t^^-^4 4izx^x^^ai^fhio --^yi^'^m^mmt. mm 
]^fz^^>i^ ^-^-7 h 1 7 KWfhtLfz^^>i^Mm't>-^ 4 1 (D^mm-^iz^-o^^xn 
m^fi^o tfz. m.x^^Mit. m.^m^3 2Kniirfzj^T-7^ 3 3(D^mm-^iz 40 

[0 0 3 0] 

mmmmmm t m-m^i^iz^x^fT-^^^M\>z^iy^xma^j:m<7:>mn^mM-t^ ^ 
tizxy)^ mmm.f^izj^^^tL:bm^^<7)^^tmnt<D}tm (mmtt) ^mw^^miz'^ 

[0 0 3 1 ] 

j^.'xmMmma. i^;^ 1 2(D±^[z^t}^xmw^^ ^ ^ > ^^'x-x^B^Mii-ttzi^cD 
mimx^^o KGRumii. m^Myb^hmth^tL:hm:^'':^(^'7-i'^<Dpjf^M^m-mMizmm 50 
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[0 0 3 2] 

B . : 

iii2fi. :if.mmM<D^>v:^ \ o<7:)mm^K. ECU 4 0 Kii\^^xm^(Dmm'^m.^ 
tL^t. ECU 4 0 {4. 1 o<7)mm^mis^ifT^-t)iym&t:mn-t^ ( 

:^Tyy°S l 0 0) » J^>~y> l 0 <Dm^MmiS Xl/T •^Jl'm&^Wl.mr ^ ECU 

4 0 {4. ^ztHzm-^'y^^-CJ^^i^^ 1 Oizmf^^^h Ji^^ ^ntHLX 1 1 0 

) . :^-JV.>mMM. TK^Ptltfi:. ®A^^»^, ^tt^^tiQ^ ' ( c c s t ) . 

Qh ' (cc/st )>P' tcfg^i-^ C^T^yzfS 1 2 0) o 10 
[0 0 3 3] 

t <D Mit ^^^j:(i>-^ fz^^n- is V ^ T tL-r tLtg^ A§g^» $ -i^-T . 5?r>?. <^ N O 

X ^ fg: < ^ o t ^ . -r^^io^m-x^^m. {mmit) i}'mi^ttj:^fzh^<Dm\^ 

NO xS* J: 'PlSM^tfet L>&^L^:6«^. LT L $ d i: . ^i/C^if 

jt^f-r^fEH-x?OPiiA^^iO:fe:^'(St b-rt P>x.>£>vr .h^i^-C^^o 
[0 0 3 4] 

^^ir^m<^h^K. ^^:*'>^ct'<^NOx4^^^fi<jlc-tfat--r^i t;6^-e^^o ^<Dfzib 
. :*:|IMM-e»4. V U >'Ptlt*t^?t-r^7K^i«lt»<^#J'^;6^^»Jl:-e 30%t>^^J:d 

' i: ^^i6-rv^;£,o 30 
[0 0 3 5] 

:*^^ife'^J-^{±> ECU 4 0 tci5V>-c, :i^>'J> 1 0 izi3if:hW^}' Cimc^/^i-r 

^A^^aoSit-fiSfc^^ h ;v^'t3*v|-b-c^ae>fS1ic$tLTv^<l»o Jbf5b/c J; 9 ® 
A^^»c7)^ig>f£{i, ^^e<7t::^i6fc'fiS-e^;i>o ;^7"->'-7'i20-et4. ;^7"-;'-7°si 10 

[0 0 3 6] 40 

;^T--y7'S 1 2 0 -CiS^Lf^TK^PtMiQH ' t . Bff^cT^^ti'fit Q o (cc/ 
s t ) h^)XM.-f^ {^y- y-fS \ Z o ^-tr^r^MQo t TK^RSIticoJi 
PMi LT^46|S:^L-t:E C U 4 0 l*ItCfe'Il$-^7t:|t-r^-?,o 
[0 0 3 7] 

^7"'y 1 3 0 t^isv^r. TK^PAMfilS^-HQH ' >?>-^^2^»^Q o ^y.Tt?^^ t^i^iJif 
^tL/ct §tc{4. Tfc^Ptl^iQw (cc/st ) . ;^'V';>P*lt»QG (cc/s 
t ) iSiD^mA^^sPtT^-e-tL-rti-^. ;^x-^-7'Sl 2 0T-lS^L7t:Q„ ' , Qg 
* jSiCfP' tc^*>:5g-r'?>o ^fz^ EGR^<;vr3 8 <7)pgjK (EGRMS) ^^-t'o, t-J^t) 
*>EGR:^*;^S^-ifot-^^-t-;2>o -e-LT. tK*^ l^V ^39.^ i?' 3 5 . 

;=!.n h;u-=&-:J> 3 7. EGR^<;i'y*3 8 tcMLT. Ptl^J■»^;y;;^i;6«_l::fB<^)-(iii:JSr^ J: 50 
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-C. ECU 4 Off^iz-^yy't LXfE-m-^tLX\^^io "fDfzib. J^y' y ^ S 1 4 0 Xli^ 7. 
y- y^S 1 0 0T-^taL7t^>'-x>'ll]^jiljKt. J^-r-;/7°S 1 2 0 -eifc3E LT^cDilA^^fi 

3 7 =S-|gl6LTV^*o 
[0 0 3 81 

;^-r -J'S 1 4 0 tcjsv^T. _hfe<^ J: d t^lEM-^^tt5;^7i-^ i:. ;^ r- 7°S 1 8 0 
[0 0 3 9 ] 

iS^L^::?' tC;^^$tT-'&o ^^t-. E G R/^';^:/3 8 <^^;^{i, ^*i)^i6/tp>^^0§f1jg 
-e*)^B%tC^^;^:h-:&o -eUX. 7K^-f :^>fa^^'r5^ 3 9 . >'>^ai^:?' 3 5. n h 
;v^-5'3 7. E G R^N';vr 3 8 t-^LT. Ptlt»^**^*>6^JifBc7)'lit t J; 9 l-fElft 
^s-i-=£:ai;t»-r^ (J^JlJl^ ^T^-^rS 150)0 =&i3. QS:A^^»0*IJ^a{±^ ;^7"-yy'S 1 

[0 0 4 01 

^i3. _hfa<^)lJJ.^-Ct±. Xt--;'-7'S 1 2 0 i5 J: C/;^ 7" .y-T" S 1 3 0 co^^iz^ 7.y-y-fS 1 
4 0 h7.y--j y'S 1 5 0 60^ *>(^v^-^tL>i^^:^T^d i: i: L-Cv^^76^\ ll^t:i{±. C:ttt> 

V i; ^'PSMSrlc^rj-i-^Tfc^iftltSc^SiJ-g-^l^iifc-e 3 0% ic-r-s iTTtc^PtltaQ H ' 
^m^Qo =S:^^TLS TK^PSWSt LTtiQ o y U > » 

>5>^^ t3^L-C{±. EglAI^^SP trover -?-<^)t #<07fc^Ptl^SQH t;?7'v 

a h ;V^^S=Sr|£^i-^7t:a6cD-^'y y't LX. E G R ^iS^i^B % t # t7) ct) ^-.fglt LT 

[0 0 4 1 1 

^iz, NO x-tr>-9-5 9;a-<^^i^ai'S-^=^^^#Lr U7"-yy°S 16 0). ^lULfzm:^':^ 

^(DNo yiMt. m^(ommmc (ppm ) tit^-r^ (^■7-'yysi7Q\o --t- 

TE C U 4 0 tCg5l5iL/c^)<^-C^;z>o 
[0 0 4 21 

i>t^ ^T"-;/ y'S 1 8 Ot^^ff h;u^<^^ttJ^^f^^o <:i<7);:^-f y'S 1 8 OJy.T<50 

^ni-ov^Tti. mzum-t^o 

[0 0 4 31 
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f^^h. EGRIS;g^. >^T- 1 5 0 T-?fe^L7tPp1;KB %t3±iiJD»F%^iDx./c^S 
t tr. ^a^T^fc^i-^ (;^7" :7°S 1 8 0) o iii]D#F%f±. EGR:**;^** 

R^JC^ati^T^^LTE G R^^';^:r3 8 S-IESi-r-s y:^S 1 6 Otcjio 

^7"-;' ys 1 6 0 J^T<^^S^^«9:^-ro \z.m^'^\,z.^m.'^^i>'&Q^if:^ 

Cli-Cti. P:**>^4'<^N0 xfi:^^_hie^m'fiCJWTtc^^^T% EGR^m^F%ro:^ 
^ < LTV^<$!Jf»'gr^»?igi-o XT^y •7"S 1 8 0 tZiSV^TEG RiaS^±ilJn$-fr'5> 

o 

[0 0 4 4] 

;^x^.y7's 1 4 0 (7)^^. ^fc{±. ;^7"v'ys 1 7 0^ri5v^■rNOxa;6^^£^-^lCJ^JLT■r^b 

^ri'fitD (Nm) iiJt^i"^ 7" 1 9 0 ) » ^ > v'' > 1 0 lci5tt 

«.^5&*^|5|'5r<il^U-rv^^ t^J®f-t-^7ti60^!tl^iti: L-r?^a6IS:^L-C. E C U 4 0 
[0 0 4 5] 

jc::^v?:y60lIl^i^j^$rftiliJi--5)Cii:tzJ:o-r h;v^Sr^aiLxv>-5,o J!^JlT^c, MA^m^^ 

-C. -f5z:^<£-i:f'^LToMt- L'^Tj^'b. ^^^T^l. EEli^f^. i^5S^ffl> ^^^^TfS;6^'^ L 30 
5fT^t3ttTV^^^ tici^o S4 (A) (i. ^ >'i^:^^tc^^U-CJ^>'~y>IlItE^S;6«^ 
i&1-;5,;md^=£r^L-CV^>2>o 1114 (B) f±. ^ ^ > ^ n^^^n L,-^ Y ^ -b^Wi-t 

Il[4 (C) tw{±. 11i=^MlC-C)V^X<7>4 o<7)Xllfc. #^lffit-o 

c: t J: .o T . h ;v iJ' '^iii^^;*^: § $ )6^m^<^^riltJiJL-h o ^^ij llff "T ^ ^ t § ^ 

o ^j:i5. soi^^ 1 o(7)tiit) y^i^^ii. J^>i^>mnmmvzm^'^^-c^mi-:hii7b^i,z^ m 

[0 0 4 6] 

mmmD^±m^ tmm^tL^t^izii^ ^(Dum-c^M^thtzyKmrnMi-Aizi^ijumG ( so 
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cc/s t ) ^im^fzm^. :^mmMMt L-cm/ziz^^i-^B C^y^-yzfS 2 O O) » 
Lit-To tfz. ^<75^-7^ ,y 2 0 0 >i^. •y7°S 1 5 0 H^V^TTK^BftltSQH = 

Qo t U ti^^<7) Jimx- ^ :b ii ^ ^tbX. yicmmMM QjHi =Qo +Gt;^ 

^cx\^^i> t^^hfL^fzib. :^mmmxn^ 7i<.mmMm:^m&ir^^t},zX'=>x^ mm 
'^m<D^m'S:m^x^^^o 

10 0 4 7] 

NO xS<75±iiiD7i^^-?. t #IC{±. EGR:^';^fi<^±i]bni3j;oTNO xS^^#-r^o ft*^ 
e^lizj^^^T" :7°S 1 9 0\,zii\^^'CV)\yi^m.W}<Di^^^i!)'^&mitD]i)<-T\iZtj:^h^ 

[0 0 4 8] 

C 1^7^ '. 

z^K-bux.xyKm'tm^^^fzi^^ X *) 'J ->^:ijtmx'm-m^^^j:^ ^ t-^^x^^ m:^':^^<^ 
NOx^i&m-t^^tTb^x^^o tfz. m^mi^fzj: o iz^ mwctai^zx^j^^ji^^m^'^^ 
^-■xm^'t^^xp^mmmco^j3m^\^±^^^^t:d^x^^. z.cot^. i&nm^m (.m 

:b^t\zi^y)^ gf:**^4'coNO x»=^^i6-ci^-^ < i-;E> i fcz&^-ei; ;e.o 

h;v^7ji^^^'lit=^^x.^) (ohL^\z\±^ ii^m<^^^^^Wi^<r>±Mm.^-ti>fzit>. 

[0 0 4 9] 

D . m:m : 

o 

[0 0 5 0] 

D 1 . mM^n 1 : 

IcSo'tt * ^: >6Wtg ^S: -2. o 
[0 0 5 1 ] 
D2. mMM2 : 



(12) 



JP 2004-116398 A 2004.4.15 



NOx *;6-'5£:^twi^^^ <'5:'5.*-eEGR LT ^> . < mmKm^mr-t 

^ti. x7i<.mmmM^mm.-r ^^t Tb^m t ^ ^ » 

10 0 5 2] 

D3. ^m-Ms : 

ffib-C. 'ii^^lciSD-CE GRl€^=£-p|p-r^^^ L7tr;e>^. -r ::^S 2 0 0 N 20 

O x:l:<75^m{±tT^r^^v^«^*)prHg-C*);£>o C:^t±. h ;Vi>'^Si=S-^x-2>/:ri6l3i£I^^^ 

-c. *?fe:^m^=Sra:#-r^ i:.56^irt6-eab "9. i: # <7)gf ;^7*>!^itioN o xtit)nfi{±^m■r 
[0 0 5 3 1 
D 4 . ^ff^-^J 4 : 

fflv^^ d t t LT^fj^v^o EGRt'J:o-CNO X ^f£M-t-^:#'g-t't±. 30 

-r ^ 7t i6 E G R if:^ » =^ ® A ^ >6^*) <5>7^:i6. NOx»^ "^^^tt W ^ ;i' S T'te^l- 

■BTBgi:^^ J:dt*5^5^ft£7)EGR:<r^^fflv^^c:t/e)^DTtgt?^'&o -^(Dfzib^ m^Bfi^t" 

m\zm-%\<zMmx^^o 

[0 0 5 4] 
D 5 . WH^n 5 : 

mmmxii^ ■ffy^)z^itmmmp^^^^^ (Mm 7i^m\im.%m^3 2\^\zi^m 40 

[0 0 5 5] 

G R :^7-.x t t Of^'&^^E-. LTv^ ^ SfiS/e)- 1> E G R ^m^^-t ^ - 

.htLT^^v^^ J: i9TMij75-'^EGR;**;^=^#t$t-r^d t t-^ti-Jf. mmMizmj^-^ 

^^"y^iMLm^i 'o^^^^^^t^^x^^ mm\^±'tm^ t:^^x^:bo 

[0 0 5 61 

D 6 . ^mm 6 : 

^j&^j-e{±. mMMi>zyi<.m^^i^-t^fzi6\,z7i^m^ ^ip^ 5 0 ^m^^^ t t Lfzii^. isv 50 
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